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POLY ( OXYALKYLENE ) HYDROXYAROMATIC ETHERS 
AMD FUEL COMPOSITIONS COHTAIMIMO THE SAKE 

RACKGROUHD of <im^ ISSSBnSS. 



This invention relates to novel hydroxyaromatic compounds 
More particularly, this invention relates to novel 
poly(oxyalkylene) hydroxyaromatic ethers and their use in 
fuel compositions to prevent and control engine deposits. 



It is well known that automobile engines tend to form 
deposits on the surface of engine components, such as 
carburetor ports, throttle bodies, fuel injectors, intake 

18 ports and intake valves, due to the oxidation and 

l» polymerization of hydrocarbon fuel. These deposits, even 

20 when present in relatively minor amounts, often cause 

21 noticeable driveability problems, such as stalling and poor 

22 acceleration. Moreover, engine deposits can significantly 

23 increase an automobile's fuel consumption and production of 
34 exhaust pollutants. Therefore, the development of effective 
as fuel detergents or -deposit control- additives to prevent or 

26 control such deposits is of considerable importance and 

27 numerous such materials are known in the art. 

28 

29 For example, aliphatic hydrocarbon-substituted phenols are 

30 known to reduce engine deposits when used in fuel 

31 compositions. U.S. Patent Ho. 3,849,085, issued Hoveaber 

« 19, 1974 to Kreuz et al., discloses a motor fuel composition 

33 comprising a mixture of hydrocarbons in the gasoline boiling 

34 range containing about 0.01 to 0.25 volume percent of a high 

35 molecular weight aliphatic hydrocarbon-substituted phenol in 
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which the aliphatic hydrocarbon radical has an avarage 
molecular weight in the range of about 500 to 3,500. This 
patent teaches that gasoline expositions containing minor 
amount of an aliphatic hydrocarbon-substituted phenol not 
only prevent or inhibit the formation of intake valve and 
port deposits in a gasoline engine, but also enhance the 
performance of the fuel composition in engines designed to 
operate at higher operating temperatures with a minimum of 
deposition and deposit formation in the manifold of the 
engine. 

Similarly, U.S. Patent No. 4,134,846, issued January i« 
1979 to Machleder et al., discloses a fuel additive 
composition comprising a mixture of (i, the reaction product 
of an aliphatic hydrocarbon-substituted phenol. 



- - --i.4i.ui.ea pnenoi, 

16 epichlorohydrin and a primary or secondary mono- or 

17 polyamine, ahd (2) a polyalkylene phenol. This patent 
ZTJZ ^ 8UCh COBp ° 8ition8 Sh °« excellent carburetor. 



_ * «=*wBi4.ent carburetor, 

Byate " COBbU8ti °n camber detergency and, in 
addition, provide effective rust inhibition when used in 
hydrocarbon fuels at low concentrations. 

,4 T 1 ; dditlVCS °™******9 a poly(oxyaucylene) moiety are 

» 4 191,537, issued March 4, i960 to R. a. Lewis et al. 

26 discloses a fuel composition comprising a major portion of 

hydrocarbons boiling in the gasoline range and from 30 to 
• 2000 ppm of a hydrocarbyl polytoxyalkylen., aminocarbamate 
» having a molecular weight from about 600 to 10,000, and at 

30 least one basic nitrogen atom. The hydrocarbyl 

» s^Ti 1 * 1 ^ n ° iety 18 COap ° 8ed ° f "xylene units 

» com^i 5 Carb ° n These fuel 

33 compositions are taught to maintain the cleanliness of 

34 intake systems without contributing to combustion chamber 
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Aromatic compounds containing a poly(o>cyalkylene) moiety are 
also known in the art. For example, the above-mentioned 
U.S. Patent No. 4,191,537, discloses alkylphenyl 
poly(oxyalkylene) polymers which are useful as intermediates 
in the preparation of alkylphenyl poly(oxyalkylene) 



01 
02 
03 
04 
05 

06 aainocarbamates . 

07 
08 



Additionally, hydroxyaromatic compounds containing a 
poly(oxyalkylene) aoiety are known in the art. For example 
U.S. Patent No. 4,9S2,732, issued August 28, 1990 to c P ' 
Speranza et al., discloses Mannich condensates prepared from 
a phenol, formaldehyde and an aUcylaaine containing propoxy 
91:0X11,8 aBd ' optionally, ethoxy groups. These Mannich 
condensates are taught to be useful as corrosion inhibitors 
water repellent agents, paint adhesion promoters, and also ' 
as intermediates for preparing surfactants, and pololys 
finding use in the manufacture of polyurethane foam. 

It has now been discovered that certain hydroxyaromatic 
ethers having a poly(oxyalkylene) "tail- provide excellent 
control of engine deposits, especially intake valve 
deposits, vhen employed as fuel additives in fuel 
23 compositions. Moreover, these poly(oxyalkylene) 
" hydroxyaromatic ethers have been found to produce fewer 
combustion chamber deposits than known aliphatic 
hydrocarbon-substituted phenolic fuel additives. 



80WPWY OF THE twvbiw.^ 

The present invention provides novel poly(oxyalkylene) 
hydroxyaromatic ethers which are useful as fuel additives 
for the prevention and control of engine deposits, 
particularly intake valve deposits. 
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The poly(oxvalkylene) hydroxyaromatic ethers of the present 
invention have the formula: Present 




" ° (Q-CH-CH^-O-R, (I) 



" i«/ £U ; X - 8 ° 1Uble salt wherein R, and R, are each 

" Z : ntly hydr ° 9en ' hydrOXy ' l — having 1 to 6 

" ' ° r 1Wer alkOXy h ** 1 »» 1 *> 6 carbon atoms; 

14 R, and R, are each independently hydrogen or lower alkyl 

" ^ 3 o g 1 !! 6 Carb ° n atOB8; *» 19 a"cyl having 1 

" 3! atOM ' Pheny1 ' °* «^ryl having 7 to 

17 36 carbon atoms, or an acyl group of the formula: 



18 

19 p 
20 
21 
22 
23 
24 



8 

-C-R4 



wherein R, Is alxyl having 1 to 30 carbon atoms, phenyl or 
™ or aixaryl having 7 to 3e carbon atoms; n ia «n 
» integer from 5 to 100 ; and x is an integer from 0 to 10. 

The present invention further provides a fuel composition 
comprising a major amount of hydrocarbons boiling in the 
gasoline or diesel range and an effective deposit- 

l2Tl? n J> an ° Unt ° f * hydroX y a «»»tic poly<oxyalxyle»e> 
ether of the present invention. 

The present invention additionally provides a fuel 
concentrate comprising an inert stable oleophilic organic 
solvent boiling m the range of from about 150'F to 400«F 
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01 and from about 10 to 70 weight percent of a hydroxyaromatic 

02 poly(oxyalkylene) ether of the present invention, 
03 

04 Among other factors, the present invention is based on the 

05 surprising discovery that certain poly(oxyalkylene) 

0« hydroxyaromatic ethers, when employed as fuel additives in 

07 fuel compositions, provide excellent control of engine 

08 deposits, especially on intake valves, and produce fewer 

09 combustion chamber deposits than known aliphatic 

10 hydrocarbon-substituted phenolic fuel additives. 
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BmgJEB PEECRIPTION OF m rare^ i^ 



15 The fuel additives provided by the present invention have 

16 the general formula: 



OH 



19 I R, R* 




( CH 2 ) x - (O-CH-CH) n -0-Rj (!) 



„ or a fuel-soluble salt thereof; wherein R,, R,, r,, r^, n 
26 and x are as defined hereinabove* 



2B Preferably, R 1 is hydrogen, hydroxy, or lower alkyl having i 

„ to 4 carbon atoms. More preferably, r 1 is hydrogen or 

3p hydroxy. Most preferably, r, is hydrogen. 

31 

32 *t is Preferably hydrogen. 



34 Preferably, one of Rj and R 4 is lower alkyl having l to 3 

35 carbon atoms and the other is hydrogen. More preferably, 
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01 and from about 10 to 70 weight percent of a hydroxyaromatic 

02 poly(oxyalJcylene) ether of the present invention. 



03 



04 Among other factors, the present invention is based on the 

05 surprising discovery that certain poly(oxyalkylene) 

0« hydroxyaromatic ethers, when employed as fuel additives in 

07 fuel compositions, provide excellent control of engine 

08 deposits, especially on intake valves, and produce fewer 

09 combustion chamber deposits than known aliphatic 

10 hydrocarbon-substituted phenolic fuel additives. 
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13 PmiMP PESCriptiok or m imwott^ 



14 



15 The fuel additives provided by the present invention have 
1C the general formula: 



17 
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20 
21 
22 
23 
2*4 



27 



33 



OH 



19 1 Rj 1*4 




*1 -HV^-J — (CHj) x - (O-CH-CH) ,,-O-R, (I) 



25 or a fuel-soluble salt thereof; wherein R,, R,, r,, r^, r,, n 
a< and x are as defined hereinabove. 



28 Preferably, R, is hydrogen, hydroxy, or lower alkyl having 1 

29 to 4 carbon atoms. More preferably, R, is hydrogen or 
„ hydroxy. Most preferably, R, is hydrogen. 

31 

32 *» is Preferably hydrogen. 



34 Preferably, one of R 3 and R^ is lower alkyl having l to 3 

35 carbon atoms and the other is hydrogen. More preferably, 
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one of R, and R< is methyl or ethyl and the other ie 
hydrogen. Most preferably, one of R, and R 4 is ethyl and 
03 the other is hydrogen. 
04 

Rj is preferably hydrogen, alkyl having 2 to 22 carbon 
atoms, alkylphenyl having an alJcyl group containing 4 to 24 
carbon atoms, or an acyl group having the formula: -C(0)R T 
wherein R 7 is alkyl having 4 to 12 carbon atoms. More 
preferably, R, is hydrogen, alkyl having 4 to 12 carbon 
atoms, or alkylphenyl having an aUcyl group containing 4 to 
11 12 carbon atoms. Most preferably, R, is hydrogen. 

Preferably, n is an integer from 10 to 50. More preferably 
n is an integer from u to 30. Preferably, x is an integer 
is from 0 to 2. More preferably, x is 0. 

A preferred group of poly<oxyalkylene) hydroxyaromatic 
ethers are those of formula I wherein R, is hydrogen, 
l» hydroxy, or lower alkyl having 1 to 4 carbon atoms; R, is 
« hydrogen,- one of Rj and R^ is hydrogen and the other is 

methyl or ethyl; R, is hydrogen, alkyl having 4 to 12 carbon 
atoms, alkylphenyl having an alkyl group containing 4 to 12 
carbon atoms, or an acyl group having the formula: -C(0)R T , 
wherein R, is alkyl having 4 to 12 carbon atoms; n is is to 
25 30 and x is 0. 
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Another preferred group of poly (oxyalkylene) hydroxyaromatic 
ethers are those of formula I wherein R, is hydrogen 
hydroxy, or lower alkyl having i to 4 carbon atoms, k is 
hydrogen; one of R 3 and is hydrogen and the other is 
methyl or ethyl; R, is hydrogen, alkyl having 4 to 12 carbon 
atoms, alkylphenyl having an alkyl group containing 4 to 12 
carbon atoms, or an acyl group having the formulas -C<0)R 7 , 
whereih R, ig alkyl having 4 to 12 carbon atoms; n is 15 to 



35 30 and x is 1 or 2, 
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A more preferred group of poly(oxyalkylene) hydroxyaromatie 
ethers are those of formula I wherein R, is hydrogen or 
hydroxy; R, is hydrogen; one of R, and * is hydrogen and the 
other is methyl or ethyl; R, is hydrogen, alkyl having 4 to 
OS 12 carbon atoms, or alJcylphenyl having an alkyl group 

containing 4 to 12 carbon atoms; n is 15 to 30; and x is o. 
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A particularly preferred group of poly(oxyalkylene) 
hydroxyaromatie ethers are those having the formula: 



w wherein one of R, and R, is methyl or ethyl and the other is 
^ hydrogen; and m is an integer from 15 to 30. 



The poly(oxyalkylene) hydroxyaromatie ethers of the present 
invention will generally have a sufficient molecular weight 
so as to be non-volatile at normal engine intake valve 
^ operating temperatures (about 200-250'C) . Typically the 
^ molecular weight of the poly(oxyalltylene) hydroxyaromatie 
m ethers of this invention will range from about 600 to about 
10,000, preferably from 1,000 to 3,000. 



2t Generall y» the poly(oxyalkylene) hydroxyaromatie ethers of 
n this invention will contain an average of about 5 to about 
28 100 0 *y alk y lene «nit*; preferably, 10 to 50 oxyalkylene 
units; more preferably, 15 to 30 oxyalkylene units. 



3i Fuel-soluble salts of the poly (oxyalkylene) hydroxyaromatie 

3a ethers of the present invention are also contemplated to be 

3j useful for preventing or controlling deposits, such salts 

34 include alkali metal, alkaline earth metal, ammonium, 

3s substituted ammonium and sulfonlum salts. Preferred metal 
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01 salts are the alkali metal salts, particularly the sodium 

02 and potassium salts, and the substituted ammonium salts 



— — - «~iuuwtixum salts, 

particularly tetraalkyl-substituted ammonium salts, such as 
the tetrabutylammonium salts. 



As used herein the following terms have the following 
meanings unless expressly stated to the contrary. 



03 
04 
05 

oc pefiinltlgns 

07 
08 
09 
10 

11 The term «al*yl- refers to both straight- and branched-chain 

12 alkyl groups. 
13 

14 The term "lower alkyl" refera to alkyl groups having i to 

15 about 6 carbon atoms and includes primary, secondary and 

« tertiary alkyl groups. Typical lower alkyl groups include, 

17 for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, 

18 sec-butyl, t-butyl, n-pentyl, n-hexyl and the like. 
19 

» The term "lower alkoxy" refers to the group -OR. wherein R. 

21 is lower alkyl. Typical lower alkoxy groups include 

22 methoxy, ethoxy, and the like. 
23 
24 
25 
26 
27 
28 
29 

30 wherein and R, are each independently hydrogen or an 

31 alkyl group, with the proviso that both R, and R e are not 

32 hydrogen. Typical alkaryl groups include, for example, 

33 tolyl, xylyl, cumenyl, ethylphenyl, butylphenyl, 

34 dibutylphenyl, hexylphenyl, octylphenyl, dioctylphenyl, 

35 nonylphenyl, decylphenyl, didecylphenyl, dodecylphenyl , 



The term "alkaryl" refers to the group: 
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03 



hexadecyiphenyl, octadecylphenyl, icosylphenyl, 
02 tricontylphenyl and the like. The term "alkylphenyl" refers 

to an alkaryl group of the above formula in which ^ is 
04 alkyl and 1^ is hydrogen. 
05 

06 The tern "aralkyl" refers to the group: 
07 



08 
09 
10 
11 
12 



32 
33 
34 
35 




wherein R„ and R, are each independently hydrogen or an 

13 alkyl group; and R, is an allcylene group. Typical alkaryl 

14 groups include, for example, benzyl, methylbenzyl, 

15 dimethylbenzyl, phenethyl, and the like. 
16 

17 The term'-oxyalkylene unit- refers to an ether moiety having 

18 the general formula: 

21 -O-CH-CH- 
22 

23 wherein R, and R„ are each independently hydrogen or lower 

24 alkyl groups. 
25 

26 The term "poly (oxyalkylene)- refers to a polymer or oligomer 

27 having the general formula: 

28 
2» 



30 I | 

, -(O-CH-CH),- 



wherein R, and R, are as defined above, and z is an integer 
greater. than 1. When referring herein to the number of 
poly(oxyalkylene) units in a particular poly(oxyalkylene) 
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compound, it is to be understood that this number refers to 
the average number of poly(oxyalkylene) units in such 
compounds unless expressly stated to the contrary. 



OS general Synthetic Pr QP ^ r . fi 
06 
07 



the poly(oxyalkylene) hydroxyaromatic ethers of this 
invention may be prepared by the following general methods 
09 and procedures. It should be appreciated that where typical 
" or preferred process conditions (e.g. reaction temperatures, 
times, mole ratios of reactants, solvents, pressures, etc.) 
are given, other process conditions may also be used unless 
otherwise stated. Optimum reaction conditions may vary with 
the particular reactants or solvents used, but such 
conditions can be determined by one skilled in the art bv 



l« routine optimization procedures 

17 
18 



The poly(oxyalkylene) hydroxyaromatic ethers of the present 
invention may be prepared from a hydroxyaromatic compound 
20 having the formula: 
21 



OH 




R, lfej7J~ (CHj) '<~ OH <i"> 



29 wherein R,, and x are as defined above. 
30 

31 The hydroxyaromatic compounds of formula III are either 

32 known compounds or can be prepared from known compounds by 

33 conventional procedures, suitable hydroxyaromatic compounds 

34 for use. as starting materials in this invention include 

3 5 catechol, resorcinol, hydroquinone, 1,2,3-trihydroxybenzene 
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07 like, 
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is 

16 
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20 



(pyrogallol) , 1,2,4-trihydroxybenzene (hydroquinol) , 1,3,5. 
trihydroxybenzene (phloroglucinol) , l,4-dihydroxy-2- 
aethylbenzene, l,3-dihydroxy-5-methylbenzene, 2-t-butyl-i 4- 
dihydroxybenzene, 2, e-di-t-butyl-i^-dihydroxybenzene, 1,4- 
dihydroxy-2-inethoxybenzene, 1, 3-dihydroxy-5-inethoxybenzene, 
4-hydroxybenzyl alcohol, 4-hydroxyphenethyl alcohol and the 

1 < Va 



In a preferred method of synthesizing the poly (oxyalkylene) 
hydroxy aromatic ethers of the present invention, a 
hydroxyaronatic compound of formula III is first selectively 
12 protected to provide a compound having the formula: 



R,, "^l- (CH » ) «- OH (IV) 



2l wherein R 10 is a suitable hydroxyl protecting group, such as 

„ benzyl, tert-butyldimethylsilyl, methoxymethyl , and the 

aa like; R„ and R, 2 are each independently hydrogen, lower 

24 alkyl, lower alkoxy, or the group -OR,,, wherein R,, is a 

25 suitable hydroxyl protecting group, such as benzyl, tert- 
2« butyldimethylsilyl, methoxymethyl, and the like. 

27 Preferably, R, 0 and R„ are benzyl; except in the case where 

28 x is 1, then R, 0 and R„ are preferably a tert-butyl- 

29 dimethyls ilyl group. 
30 

31 Selective protection of III may be accomplished using 

32 conventional procedures. The choice of a suitable 

33 protecting group for a particular hydroxyaromatic compound 

34 will be apparent to those skilled in the art. Various 

35 protecting groups, and their introduction and removal, are 
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described, for example, in T. w. Greene and P. g. M. Wuts, 
Protective Groups in Organic Synthesis, second Edition 
Wiley, New York, 1991, and references cited therein 
Alternatively, the protected derivatives IV can be prepared 
from known starting materials other than the hydroxyaromatic 
compounds of formula 111 by conventional procedures, m 
some cases, the protected derivatives iv are commercially 
available, e.g. 4-benzyloxyphenol is commercially available 
from Aldrich Chemical Co., Milwaukee, Wisconsin 53233. 

The protected hydroxyaromatic compound of formula IV is then 
deprotonated with a suitable base to provide a metal salt 



« having the formula: 
14 

15 
16 
17 
18 
19 
20 
21 




(V) 



22 wherein R,^ R„, and x are as defined above; and M is a 

23 metal cation, such as lithium, sodium or potassium. 



25 Generally, this deprotonation reaction will be effected by 

26 contacting iv with a strong base, such as sodium hydride 

27 potassium hydride, sodium amide and the like, in an inert 
2B solvent, such as toluene, xylene and the like, under 

29 substantially anhydrous conditions at a temperature in the 

30 range from about -io«C to about I20»c for about 0.25 to 
3X about 3 hours. 



33 Metal salt V is generally not isolated, but is reacted in 

34 situ with about 5 to about 100 molar equivalents of an 
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01 alkylene oxide (an epoxide) having the formula: 
02 

03 0 

04 A 

VHC-CH-R, (VI) 



05 
06 
07 
08 



Wherein R, and R, are as defined above, to provide, after 
neutralization, a poly(oxyalkylene) polymer or oligomer 

09 having the formula: 
10 

OR,. 

ll R 11-O~(=H|),-(0-CH-CH) B -0H (VII) 

ic 

17 

le wherein R,, r^, r, 0 , r,,, R|2< n „„, x are aa defined aboye 

19 

20 Typically, this polymerization reaction is conducted in a 

21 substantially anhydrous inert solvent at a temperature of 
„ about 30-c to about iso-c for about 2 to about 120 hours 

„ Suitable solvents for this reaction, include toluene, xylene 

84 and the like. The reaction wiXl generally be conducted at a 

„ pressure sufficient to contain the reactants and the 

„ solvent, preferably at atmospheric or ambient pressure. 

27 More detailed reaction conditions for preparing 

a , PPly(oxyalkylene) compounds may be found in U.S. Patent Nos 

29 2,782,240 and 2,841,479, which are incorporated herein by 

30 reference. 

31 

„ The amount of alkylene oxide employed in this reaction will 

33 depend on the number of oxyalkylene units desired in the 

34 product.. Typically, the molar ratio of alkylene oxide VI to 

35 metal salt V will range from about 5:1 to about 100:1- 
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01 preferably, fro* io:l to 50:1, aore preferably from 15:1 to 

02 30:1. 
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Suitable alkylene oxides for use in the polymerization 
reaction include, for example, ethylene oxide, propylene 



03 
04 
05 

06 oxide; butylene oxides, such as 1,2-butylene oxide (a 2- 

07 epoxybutane) and 2,3-butylene oxide (2 , 3-epoxyb«tane) ; 

M pentylene oxides; hexylene oxides; octylane oxides and the 

0» ixke. Preferred alkylene oxides are propylene oxide and 

10 1,2-butylene oxide. 
11 

« In the polymerisation reaction, a single type of alkylene 

» oxide may be employed, e.g. propylene oxide, in which case 

14 the product is a homopolyaer, e.g. a poly(oxypropylene) . 

15 However, copolymers are equally satisfactory and random 
copolymers are readily prepared by contacting the metal salt 
V with a mixture of alkylene oxides, such as a mixture of 

19 SET ° Xi ^ 1 ' 2 " bUtyleM ^ar polymerization 

1» conditions. Copolymers containing blocks of oxyalkylene 
M unxts are also suitable for use in the present invention. 
Block copolymers may be prepared by contacting the metal 
salt v with first one alkylene oxide, then others in any 
order, or repetitively, under polymerisation conditions. 

Poly (oxyalkylene) polymers of formula VII may also be 
prepared by living or immortal polymerization as described 
by S. moue and T. Aida in Encyclopedia of Poi yae r science 
and Bnglneering, Second Edition, Supplemental Volume, J. 
Wiley and Sons, New York, pages 412-420 (1989) . These 
procedures are especially useful for preparing 
poly(oxyalkylene) alcohols of formula v in which R~ and R. 
are both alkyl groups. 

Deprotaction of the aromatic hydroxyl group (s) of VII using 
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01 conventional procedures provides poly (oxyalkylene) 

02 hydroxyaromatic ethers of the present invention having the 

03 formula: 

04 

05 

°J R 1 "ts3j~ ( CH 2 ) „- ( O-CH-CH) „-OH (VIII) 

09 
10 
11 

X2 wherein R,-^, n and x are as defined above. 
13 

14 Appropriate conditions for this deprotection step will 

X5 depend upon the protecting group (s) utilized in the 

16 synthesis and will be readily apparent to those skilled in 

17 the art. For example, benzyl protecting groups may be 

16 removed by hydrogenolysis under 1 to about 4 atmospheres of 

„ hydrogen in the presence of a catalyst, such as palladium on 

20 carbon. Typically, this deprotection reaction will be 

21 conducted in an inert solvent, preferably a mixture of ethyl 

22 acetate and acetic acid, at a temperature of from about o»c 

23 to about 40»C for about 1 to about 24 hours. 

24 

25 The poly(oxyalkylene) hydroxyaromatic ethers of the present 

26 invention containing an alxyl or alkaryl ether moiety, i.e. 

27 those having the formula: 

28 

29 OH 

30 ** 

31 (CH 2 )«-(0-CH-CH) ll -0» M (ix) 

33 «2 

'J wherein R,-R t . n and x are as defined above, and R u is an 



WO 94/14925 



PCT/US93/12320 



-16- 



24 

2; 

21 
21 
3( 
3: 
32 

3: 



alkyl group or aralkyl group, Ba y be conveniently prepared 
fro* a compound of formula VXii by selectively alkylating 
the hydroxyl group of the poly (oxya Iky lene) moiety of VTII 
with a suitable alkylating agent. 

Typically, this alkylation reaction will be conducted by 
first contacting VIII with a sufficient amount of a strong 
base capable of abstracting a proton from each the hydroxyl 
groups present in VTII, including the aromatic hydroxyl 
aroup(s) and the hydroxyl group of the poly(oxyalkylene) 
moiety. Suitable bases for this reaction include, for 
example, sodium hydride, potassium hydride, sodium amide and 
the like. Generally, this deprotonation reaction will be 
conducted in an inert solvent, such as toluene, 
tetrahydrofuran, and the like, under substantially anhydrous 
conditions at a temperature in the range from -lo«C to I20»c 
for about 0.25 to about 3 hours. The resulting metal salt 
is then contacted with about 0.90 to about l.i molar 
equivalents of a suitable alkylating agent at a temperature 
in the range from 0»C to 120«C for about 1 to about 50 hours 
to afford, after neutralization, a poly(oxyalkylene) 
hydroxyaromatic ether of formula IX. 

Suitable alkylating agents for use in this reaction include 
alkyl and aralkyl halides, such as alkyl chlorides, bromides 
and iodides and aralkyl chlorides, bromides and iodides; and 
alkyl and aralkyl sulfonates, such as alkyl mesylates and 
tosylates, and aralkyl mesylates and tosylates. 

Preferred alkylating agents are primary and secondary alkyl 
halides having 1 to 30 carbon atoms, and primary and 
secondary aralkyl halides having 7 to 36 carbon atoms; more 
preferred alkylating agents are primary alkyl halides having 
4 to 12 .carbon atoms. 
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22 
21 
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Representative examples of alkylating agents include, but 
are not limited to, methyl iodide, ethyl iodide, n-propyl 
bromide, n-butyl bromide, n-pentyl bromide, n-hexyl 
chloride, n-octyl chloride, n-decyl chloride, benzyl 
chloride and phenethyl chloride. Particularly preferred 
alkylating agents are benzyl chloride, n-butyl bromide. 

Alternatively, poly(oxyalkylene) hydroxyaromatic ethere of 
formula IX may be prepared by alkylating the hydroxyl group 
of the poly(oxyalkylane) moiety of protected intermediate 
VII, and then deprotecting the resulting product. The 
conditions for alkylating intermediate VTI are essentially 
the same as those described above; however, a lesser amount 
of base will be required since the aromatic hydroxyl groups 
of VTI are in a protected form. 

Other suitable methods for preparing alkyl and alkaryl 
ethers from alcohols, and appropriate reaction conditions 
for such reactions, can be found, for example, in I.T. 
Harrison and s. Harrison, Compendium of Organic Synthetic 
Methods, Vol. l,.pp. 310-312, Wiley-lnterscience , New York 
(1971) and references cited therein. 

The poly(oxyalkylene) hydroxyaromatic ethers of the present 
invention containing an alkaryl ether moiety, i.e. those 
having the formula: 

OH 

( CHj) t - (0-CH-CH) n -OR„ ( X ) 




wherein R,-R 4 , n and x are as defined above, and R„ is a 
phenyl or alkaryl group, may be prepared from intermediate 
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01 
02 



VII in several steps by first converting the hydroxyl group 
present of the poly(oxyalkylene, moiety of VII into a 

03 suitable leaving group, i.e. forming an intermediate having 

04 the formula: y 



05 
06 



09 
10 
11 
12 



17 
18 
19 

20 
21 
22 



27 




• ^ <CH,>.-(JLL, W -W (X1) 



13 wherein R,, R,, r 10 , r,,, r,,, n and x arft aa d " fiBed 

14 and W is a suitable leaving group; and then displacing the 
„ leaving group of XI with a metal salt of a phenol having the 
16 formula: 




(XII) 



as wherein R, 6 and R, 7 are each independently hydrogen or an 

a4 allcyl group. Subseguent deprotection of the resulting 

„ product affords poly(oxyalkylene) hydroxyaromatic ethers of 

2S formula X. 



28 The hydroxyl group of the poly(oxyalkylene) moiety of VII 

„ may be converted into a suitable leaving group by contacting 

30 VII with a sulfonyl chloride to form a sulfonate ester, such 

31 as a methanesulfonate (mesylate) or a toluenesulfonate 

3J (tosylate). Typically, this reaction is conducted in the 

33 presence of a suitable amine, such as triethylamine or 

34 Pyridine, in an inert solvent, such as dichloromethane, at a 

35 temperature in the range of about -lO'C to about 30»c. 



WO 94/14925 PCT/US93/12320 

-19- 

01 Alternatively, the hydroxyi group of the polyfoxyalkylene, 

TT £ V " ^ bB «* * ^^LcTch 

03 or bromide, by contacting vil with a halogenating agent 

™* a8 ^ l0nyl Chl ° ride ' ^oride or phosphl™ 

ZTZT SUltablG Deth0dS - P-Paring'eulfLtes 

06 and halides fro. alcohole, and appropriate reaction 



conditions for such reactions, oan be found, for example, i„ 
l.T. Harrison and s. Harrison, compendium of Organic 
99 Synthetic Methods, Vol. l, pp. 331-3,, _ . 

« Hew Yart mo-,,v - - ' Wiley - lnte «cience, 

Hew York (1971) and references cited therein. 

After forming intermediate XI, the leaving group may be 
displaced therefrom by contacting XI with metal salt XII 
Generally, this reaction will be conducted in an inert ' 
solvent, such as toluene, tetrahydrofuran and the like 
under substantially anhydrous conditions at a temperature in 
the range of about 25-c to about 150-c for about 1 to about 
« 48 hours. The metal salt XII can be formed by. contacting 
the corresponding phenol with a strong base capable of 
abstracting the proton from the phenolic hydroxyl group, 
such as sodium hydride, potassium hydride, sodium amide and 
the like, in an inert solvent. 

suitable phenolic compounds for use irf this reaction include 
phenol, monoalkyl-substituted phenols and dialkyl- 
substituted phenols. Monoalkyl-substituted phenols are 
" preferred, especially monoalkylphenols having an alkyl 

substituent in the para position. Representative examples 
of suitable phenolic compounds include, but are not limited 
to, phenol, methylphenol, dimethylphenol, ethylphenol, 
butylphenol, octylphenol, decylphenol, dodecylphenol, 
tetradecylphenol, hexadecylphenol, octadecylphenol , 
eicosylphenol, tetracosylphenol, hexacosylphenol , 
triacontylphenol and the like. Also, mixtures of 
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OX 

02 

03 
04 
05 
06 
07 
08 
09 
10 



alkylphenols may be employed, such as a mixture of c -c 
a^lphenols, a mixture of c 18 ^ alKyiphen^ a 1^ of 
Crt» aucyiphenols. or a mixture of alkylphenols. 

Particularly preferred alxylphenols are those derived from 
alkylation of phenol with polymers or oligomer. «L £c 
olefins, such as polypropylene or polybutene. These? 
polymers preferably contain 10 to 30 carbon atoms. An 
especially preferred alkylphenol is prepared by alkylating 
phenol with a propylene polymer having an average of 4 
11 units. This polymer has the common name of propylene 
tetramer and is commercially available. 

Alternatively, the poly<oxyallcylene> hydroxyaromatic ethers 
of formula X can be prepared by displacing a leaving group 
from an intermediate having the formula: 



12 
13 
14 
15 
16 
17 
18 



19 II 

W-(CH-CH-0)-R, 5 (XIII) 



20 
21 
22 



23 wherein R s» **' *». n and x are as defined above, and w is a 

^ suitable leaving group, with metal salt V; and then 

as deprotecting the resulting product. Conditions for this 

M reaction are essentially the same as those described above 

a7 for reaction of XI with XII. Compounds of formula XIII may 

m be prepared from XII and VI using the conditions described 

29 8bOVe f ° r Preparation of VII, followed by conversion of 

ao the hydroxyl group of the poly(oxyalkylene) moiety of the 

^ resulting product into a suitable leaving using the 

m procedures described above for the preparation of XI. 

jj The poly(oxyalkylene) hydroxyaromatic ethers of the present 

m invention containing an acyl moiety, i.e those having the 
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formula: 



OH 




*s \ o 

(CH 2 ) x -(0-CT-CH) n -0-C-I^ 



(XIV) 



wherein R,-R 4 , r^ n and x are as defined above; may be 
prepared from intermediate VII by first acylating the 
hydroxyl group of the poly(oxyalkylene) moiety of VII to 
form an ester. Subsequent deprotection of the aromatic 
hydroxyl group(s) of the resulting ester using conventional 
procedures then affords poly(oxyalkylene) hydroxyaromatic 
ethers of formula XIV. 

Generally, the acylation reaction will be conducted by 
contacting intermediate VII with about 0.95 to' about 1.2 
molar equivalents of a suitable acylating agent. Suitable 
acylating agents for use in this reaction include acyl 
halides, such as acyl chlorides and bromides; and carboxylic 
acid anhydrides. Preferred acylating agents are those 
having the formula: 1^0(0) -x, wherein R, is alkyl having 1 
to 30 carbon atom, phenyl, or aralkyl or alkaryl having 7 to 
36 carbon atoms, and x is chloro or bromo. More preferred 
acylating agents are those having the formula: R 7 C(0)-x, 
wherein R 7 is alkyl having 4 to 12 carbon atoms. 
Representative examples of suitable acylating agents 
include, but are not limited to, acetyl chloride, acetic 
anhydride, propionyl chloride, butanoyl chloride, pivaloyl 
chloride, octanoyl chloride, decanoyl chloride 4-t- 
butylbenzoyl chloride and the like. 

Generally, this reaction is conducted in an inert solvent, 
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such aa toluene. dichloromethane, diethyl ether and the 
like, at a temperature in the range of about 25'C to about 
150-c, and ia generally complete in about 0.5 to about 48 
hours, when an acyl halide is employed as the acylating 
agent, this reaction is preferably conducted in the presence 
of a sufficient amount of an amine capable of neutralizing 
the acid generated during the reaction, such as 
triethylamine, di(isopropyl)ethylamine, pyridine or 4- 
dimethylaminopyridine . 

Additional methods for preparing esters from alcohols, and 
suitable reaction conditions for such reactions, can be 
13 found, for example, in I.T, Harrison and s. Harrison 

Compendium of Organic Synthetic Methods, Vol. i, pp. 273-276 
and 280-283, Wiley-Interscience, New York (1971) and 
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Fuel Composition^ 



The poly(oxyalkylene) hydroxyaromatic ethers of the present 
invention are useful as additives in hydrocarbon fuels to 
prevent and control engine deposits, particularly intake 
23 valve deposits. The proper concentration of additive 
" necessary to achieve the desired deposit control varies 
depending upon the type of fuel employed, the type of 
engine, and the presence of other fuel additives. 

In general, the concentration of the poly(oxyalkylene) 
hydroxyaromatic ethers of this invention in hydrocarbon fuel 
will range from about 50 to about 2500 parts per million 
(ppm) by weight, preferably from 75 to 1,000 ppm. when 
other deposit control additives are present, a lesser amount 
of the present additive may be used. 
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The poly<oxyalkylene) hydroxyaromatic ethers of the present 
invention may be formulated as a concentrate using an inert 
stable oleophilic (i.e., dissolves in gasoline) organic 
solvent boiling in the range of about 150- F to 400-F (about 
65-C to 205-0. Preferably, an aliphatic or an aromatic 
hydrocarbon solvent is used, such as benzene, toluene 
xylene or higher-boiling aromatics or aromatic thinners. 
Aliphatic alcohols containing about 3 to 8 carbon atoms 
09 such as isopropanol, isobutylcarbinol , n-butanol and the 
like, in combination with hydrocarbon solvents are also 
suitable for use with the present additives, m the 
concentrate, the amount of the additive will generally range 
from about 10 to about 70 weight percent, preferably 10 to 
50 weight percent, more preferably from 20 to 40 weight 
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15 percent 
16 



In gasoline fuels, other fuel additives may be employed with 
the additives of the present invention, including, for 
example, oxygenates, such as t-butyl methyl ether, antiknock 
agents, such as methylcyclopentadienyl manganese 
tricarbonyl, and other dispersants/detergents, such as 
hydrocarbyl amines, hydrocarbyl poly (oxya Iky lene) amines, or 
succinimides. Additionally, antioxidants, metal 
24 deactivators and demulsifiers may be present. 
25 

26 m diesel fuels, other well-known additives can be employed, 

27 such as pour point depressants, flow improvers, cetane 

28 improvers, and the like. 
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29 



30 A fuel-soluble, nonvolatile carrier fluid or oil may also be 

31 used with the poly (oxyalky lene) hydroxyaromatic ethers of 

32 this invention. The carrier fluid is a chemically inert 

33 hydrocarbon-soluble liquid vehicle which substantially 

34 increases the nonvolatile residue (NVR) , or solvent-free 

35 liquid fraction of the fuel additive composition while not 



WO 94/14925 PCT7US93/12320 

-24- 



01 
02 
03 
04 
OS 
06 



overwhelmingly contributing to octane requirement increase. 
The carrier fluid may be a natural or synthetic oil, such as 
mineral oil, refined petroleum oils, synthetic polyalkanes 
and alxenes, including hydrogenated and unhydrogenated 
polyalphaolefins, and synthetic polyoxyalkylene-derived 
oils, such as those described, for example, i„ U.S. Patent 
07 Ho. 4,191,537 to Lewis. 
08 

09 These carrier fluids are believed to act as a carrier for 

10 the fuel additives of the present invention and to assist in 

11 removing and retarding deposits. The carrier fluid may also 
exhibit synergistic deposit control properties when used in 
combination with the poly(oxyalkylene) hydroxyaromatic 



12 
13 

14 ethers of this invention. 
15 
1C 



The carrier fluids are typically employed in amounts ranging 

17 from about 100 to about 5000 ppm by weight of the 

18 hydrocarbon fuel, preferably from 400 to 3000 ppm of the 

19 fuel. Preferably, the ratio of carrier fluid to deposit 
88 control additive will range from about 0.5:1 to about 10:1. 

more preferably from 1:1 to 4:1, most preferably about 2:i! 
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When employed in a fuel concentrate, carrier fluids will 
generally be present in amounts ranging from about 20 to 
about 60 weight percent, preferably from 30 to 50 weight 
26 percent. 
27 

29 

30 The following examples are presented to illustrate specific 

31 embodiments of the present invention and synthetic 

32 preparations thereof; and should not be interpreted as 

33 limitations upon the scope of the invention. 
34 

35 
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03 Reparation of 

a- f oxyphenvl > -^hvdrovYp^ T v fowh^y i 
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CH 2 CH 3 
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To a flask equipped with a magnetic stirrer, thermometer, 
addition funnel, reflux condenser and nitrogen inlet was 
added 6.88 grains of a 35 wt % dispersion of potassium 
hydride in mineral oil. Forty grams of 4-benryloxyphenol 
dissolved in 500 mL of anhydrous toluene was added dropwise 
and the resulting mixture was stirred at room temperature 
for ten minutes. The temperature of the reaction mixture, a 
thick white suspension, was raised to 90*C and 430.8 mL of 
1,2-epoxybutane was added dropwise. The reaction mixture 
was refluxed until the pot temperature reached llo*c 
(approximately 48 hours) at which time the reaction mixture 
was a light brown clear solution. Tha reaction was cooled 
to room temperature, quenched with 50 mL of methanol and 
diluted with 1 liter of diethyl ether. The resulting 
mixture was washed with saturated aqueous ammonium chloride, 
followed by water and saturated aqueous sodium chloride. 
The organic layer was dried over anhydrous magnesium 
sulfate, filtered and the solvents removed in vacuo to yield 
390 grams of a yellow oil. The oil was chromatographed on 
silica gel, eluting with hexane: diethyl ether (1:1), to 
yield 339.3 grams of the desired product as a colorless oil. 
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Preparation of 



§1 "/~~\ CH z CHj 

08 H ° \Q/" ( °" CHlCH) -»-° H 



12 ""oral : C8t3te — "0 mL of acetic ado containing 

13 *;\VT S ? 7 PalladlUB ° n CharC ° al A^enolyzed 

14 at 35-40 P 8i f « « hours on a Parr low-pressure 

m hydrogenator. Catalyst filtration and removal of solvent in 
16 VSCU ° follwe ° »y azeotropic removal of residual acetic acid 
1? with toluene under vacuum yielded 48.1 grans of the desired 
18 Pr0duct as a lioness oil. The product had an average of 
10 " °**»*ylene 'h Hin (CDC1,) * 7.2 (broad s, 2H ) , 

6.7 <s, 4H), 3.1-4.0 (», 72H) , 1.2-1.8 (m, 48H) , 0.8 (t, 
72H). 1 ' 



2J Similarly, by using the above procedures and the appropriate 
24 starting materials and reagents, the following conpounds can 
b y prepared: 



2? a -C 2 -hydroxyphenyl)-« d -hydroxypoly(oxybutylene) ; 

28 a- (3-hydroxyphenyl) -w-hydroxypoly (oxybutylene) ; 

29 o-O-t-butyl-4-hydroxyphenyl) -«-hydroxypoly (oxybutylene) ; 

30 o-(4-hydroxy-3-methoxyphenyl)-«-hydroxypoly (oxybutylene) ; 

31 «- (3»4-dihydroxyphenyl)- u -hydroxypoly (oxybutylene) ; 

32 °-( 3 ' , «-hy«iroxy-5-methylphenyl)-«-hydroxypoly(oxybutylene); 

33 a -( 3 .5-di-t-butyl-4-hydroxyphenyl)- <1 ,-hydroxypoly- 

34 (oxybutylene); and 

35 a -( 3 »^5-trihydroxyphenyl)-«-hydroxypoly(oxybutylene) . 
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02 
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PhCH 2 -0^^^- (0-CH 2 CH) ^-OH 
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To a flask equipped with magnetic stirrer, thermometer, 
addition funnel, reflux condenser and nitrogen inlet was 
added 6.88 grams of a 35 wt % dispersion of potassium 
hydride in mineral oil. 4-Benzyloxyphenol (40 grams) 
dissolved in 500 mL of anhydrous toluene was added dropwise 
^ and then stirred at room temperature for ten minutes. The 
temperature of the reaction mixture, a thick white 
suspension, was raised to lio«c and stirred for 3 hours. 
The reaction was cooled to room temperature and 349.9 ml of 
1,2-epoxypropane was added dropwise. The reaction mixture 
was refluxed until the pot temperature reached 110»C 
(approximately 96 hours) at which time the reaction mixture 
was a light brown clear solution. The reaction was cooled 
to room temperature, quenched with 50 mL of methanol and 
diluted with 1 liter of diethyl ether. The reaction was 
washed with saturated aqueous ammonium chloride, followed by 
water and saturated aqueous sodium chloride. The organic 
layer was dried over anhydrous sulfate, filtered and the 
solvents removed under vacuum to yield 212.2 grams of the 
desired product as a light yellow oil. 
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Preparation of 



ho 'C^" (o ' 



A solution of 60.0 grans of the product from Example 3 in 
100 mL of ethyl acetate and 100 ml of acetic acid containing 
7.0 grams of 10% palladium on charcoal was hydrogenolyzed at 
35-40 psi for 16 hours on a Parr low-pressure hydrogenator. 
catalyst filtration and removal of solvent in vacuo followed 
by azeotropic removal of the residual acetic acid with 
toluene under vacuum yielded 31.7 grams of the desired 
product as a brown oil. The product had an average of 20 
oxypropylene units. n H NMR (CDC1,) S 6.7 (s, 4H) , 5.4-6.0 
(broads, 2H) , 3.0-4.0 (m, 60H) , 0.8-1.4 (m, 60H) . 

Similarly, by using the above procedures and the appropriate 
starting materials and reagents, the following compounds can 
by prepared: 

e- (2-hydroxyphenyl) -w-hydroxypoly (oxypropylene) ,• 

e- ( 3-hydroxyphenyl ) -u-hydroxypoly (oxypropylene) ; 

e- (4-hydroxy-3-methylphenyl) -w-hydroxypoly (oxypropylene) ; 

°~ ( 3 » 5-diraethoxy-4-hydroxyphenyl) -w-hydroxy- 

poly( oxypropylene) ; 
o- (3 , 4-dihydroxyphenyl) -w-hydroxypoly (oxypropylene) ; 
°~ ( 3 ' 5-di-t-buty 1-4-hydroxyphenyl) -u-hydroxy- 

poly( oxypropylene) ; and 
e-(3 , 4 , 5-trihydroxyphenyl) -«-hydroxypoly (oxypropylene) . 
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To a flask equipped with a magnetic stirrer, reflux 
condenser and nitrogen inlet was added 13.8 grams of 2-(4- 
hydroxphenyl)ethanol, 14.5 grams of anhydrous potassium 
carbonate, 33.0 grams of tetrabutylammonium bromide, 12 mL 
of benzyl chloride and 200 mL of acetone. The reaction 
mixture was heated at reflux for 3 days, and then cooled to 
room temperature and filtered. The filtrate was 
12 concentrated in vacuo, diluted with 500 mL of 

dichloromethane, and washed with 2% aqueous sodium hydroxide 
and then with saturated brine. The organic layer was dried 
over anhydrous magnesium sulfate, filtered, and concentrated 
xn vacuo. The resulting product was purified by 
chromatography on silica gel, eluting with dichloromethane, 
to yield 20.0 grams of the desired product as a white solid. 
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Example fi 
Preparation of 

CHjCH, 



PhCHj-O-^^-C^CH, (0-CH 2 CH) 



To a flask equipped with a magnetic stirrer, thermometer, 
addition funnel, reflux condenser and nitrogen inlet was 
added 1.05 grams of a 35 weight percent dispersion of 
potassium ^ytelde in mineral oil and 50 mL of toluene. 
34 2-(4-Benzyloxyphenyl)ethanol (6.8 grams) from Example 5, 
3s dissolved in 7.5 mL of toluene, was added dropwise and the 
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mixture was heated at reflux for two hours. The reaction 
was cooled to room temperature and 65 mL of 1,2-epoxybutane 
were added dropwise. The reaction mixture was then refluxed 
until the pot temperature reached lio«C (approximately 16 
hours) . The reaction was then cooled to room temperature 
quenched with 50 mL of methanol and diluted with diethyl ' 
07 other (300 mL) . The organic layer was washed with water (2 
»« times) , saturated aqueous ammonium chloride (2 times) , dried 
over anhydrous magnesium sulfate, filtered and concentrated 
in vacuo. The resulting product was chromatographed on 
silica gel, eluting with hexane/diethyl ether, followed by 
hexane/diethyl ether/ethanol (7.5:2.5:0.5) to yield 26.0 
grams of the desired product as a colorless oil. 
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Examola 7 

Preparation of 
«-r2-f4-Hydgoxvphenvn B thvi i — ^ T ~xv* n , „ /^y^o rn - ^ 



. . CHjCHj 

« H °-^^-CH 2 CH 2 (0-CH 2 CH). M -OH 



A solution of 26.0 grams of the product from Example 6 in 50 
mL of ethyl acetate and 50 mL of acetic acid containing 3.0 
grams of 10% palladium on charcoal was hydrogenolyzed at 35- 
40 psi for 16 hours on a Parr low-pressure hydrogenator. 
, w Catalyst ""ration and removal of solvent in vacuo followed 
3i by azeotropic removal of residual acetic acid with toluene 
3a under vacuum yielded 21.0 grams of the desired product as a 

33 u 9 nt yellow oil. The product had an average of 38 

34 oxybutylene units, 'h NMR (CDC1,) * 6.7, 6.9 (AB quartet, 

35 4H), 3.0-3.8 (m, 116H) , 2.75 (t, 2H) , 0.6-1.8 (m, 190H) . 
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ie 

17 
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21 



05 
06 



03 by prepared: 
04 

- 1 2- ( 3 -hydrcxypheny 1 ) ethyl ] -u-hydroxypoly ( oxybuty lene ) • 

07 -t3-<4-h y drox y phenyl)propyl)-a t -h y droxypoly(o Xy but y ie„e) • 

™ «-t3-(3,4-dihydrojeyphanyl)propyl]-»-h y droxy- 

10 Poly (oxybuty lane) ; 

" 0 -t 2 -< 3 ' 5 -^-t-butyl-4-hydroxyphenyi)ethyl]-„- hydroxy . 

12 Poly ( oxybuty lene) ; and 

" °-f2-(3,4 # 5-trihydroxyphenyl)athylj-»-hydroxy- 

X4 Poly (oxybuty lene) . 

15 



Exaitmio g 

Preparation of 
ft- f 4-Hvdrftyypnenyl > - f *-hPnr.vi "vyttIy f »»^ y1 ft Tim 



2a CHjCHj 

H °-\Q/'( 0 -CH 2 CH) .^-OCHjPh 



To a flask equipped with a magnetic stirrer, thermometer 
reflux condenser and nitrogen inlet was added 0.8 grams of a 
35 wt % dispersion of potassium hydride in mineral oil. The 
oil was removed by trituration with anhydrous toluene. The 
product from Example 2 (6.0 grams) was dissolved in 50 mL of 
anhydrous tetrahydrofuran and added dropwise to the 
potassium hydride. The reaction mixture was heated to 
reflux for 45 minutes and then cooled to room temperature. 
Benzyl chloride (0.36 mL) was added dropwise and the 
reaction was then heated to reflux for 12 hours, cooled to 
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04 
05 
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01 room temperature and quenched with 2 mL of isopropanol. The 
solvent was removed in vacuo and the residue dissolved in 
200 mL of diethyl ether, washed with 5% aqueous hydrochloric 
acid followed by saturated aqueous sodium chloride. The 
organic layer was dried over anhydrous magnesium sulfate, 

06 filtered and the solvents removed under vacuum. The oil'was 

07 chromatographed on silica gel, eluting with hexane/ ethyl 

08 acetate (7:3), to yield 3.8 grams of the desired product as 

09 a colorless oil. The product had an average of 24 

10 oxybutylene units. f H NMR (CDCl,) 6 7.2-7.4 <m f 6H) , 6.7 
" <s, 4H), 4.4-4.7 <m, 2H) , 3.1-4.0 <m, 72H) , 1.2-1.8 <m, 
" 48H), 0.8 (t, 72H). 



13 
14 
15 



Similarly, by using the above procedures and the appropriate 
starting materials and reagents, the following compounds can 
16 by prepared: 
17 

18 a- ( 2-hydroxyphenyl) -w-benzy loxypoly ( oxybutylene) ; 

19 a - ( 3-hydroxyphenyl) -w-benzyloxypoly (oxybutylene) ; 

20 o- ( 3, 4-dihydroxyphenyl)-w-benzyloxypoly< oxybutylene) ; 

21 a- (3 , 5-di-t-butyl-4-hydroxyphenyl) -w-benzyloxy- 

22 poly (oxybutylene) ; 

23 a- ( 4 -hy droxy-3 -methoxypheny 1 ) -w-benzy loxy- 

poly (oxybutylene) ; and 
a- [ 2- (4-hydroxyphenyl) ethyl ] -w-benzyloxypoly (oxybutylene) . 
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02 

03 Preparation of 

q- f 4-Ben?oxvPhenvl \ -o>-d oeQgf r^yppiy r Q wh^ Y i ^ ] 



04 

05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
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25 
26 
27 
28 
29 
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34 
35 



CH 2 CH 3 

PhCH 2-°-^C^ (O-CHjCH) . 21 -0 (CH 2 ) 21 CH, 

To a flask equipped with a magnetic stirrer, addition 
funnel, reflux condenser and nitrogen inlet was added 7.26 
grams of a 35 wt % dispersion of potassium hydride in 
mineral oil. The oil was removed by trituration with 
anhydrous hexane, and 500 milliliters of anhydrous 
tetrahydrofuran were added. o-(4-Benzyloxyphenyl)-«- 
hydroxypoly(oxybutylene) (104.0 grams) containing an average 
of 21 oxybutylene units (prepared essentially as described 
in Example 1) , dissolved in 100 milliliters of* anhydrous 
tetrahydrofuran, was added dropwise and the resulting 
mixture was heated to reflux for two hours. The reaction 
was then cooled to room temperature and 24.0 grams of 1- 
bromodocosane were added. The reaction was refluxed for 
sixteen hours, cooled to room temperature, diluted with 
1200 ml* of diethyl ether, and washed with 5% aqueous 
hydrochloric acid, followed by brine. The organic layers 
were dried over anhydrous magnesium sulfate, filtered and 
concentrated in vacuo to give an oil. The oil was 
chromatographed on silica gel, eluting with hexane/ethyl 
acetate (7:3) to yield 11.0 grams of the desired product as 
a yellow oil. 
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0X Examo!^ ip 

02 

03 Preparation of 

M tt " f 4-HYdrOXVPhenv) \ -^-dnrr^ f nnxvPQl y ( oftYbufcyl ftr » ) 

05 

0 V / \ CH 2 CH 3 

HO "^^(°-CH 2 CH). 2r O(CH 2 ) 21 CH 3 
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A solution of n.o grans of the product from Example 9 in 50 
mL of ethyl acetate and 50 mL of acetic acid containing 1.5 
grains of 10% palladium on charcoal was hydrogenolyaed at 35- 
40 psi for 14 hours on a Parr low-pressure hydrogenator. 
catalyst filtration and removal of solvent in vacuo followed 
by azeotropic removal of the residual acetic acid with 
toluene under vacuum yielded 10.2 grams of the desired 
product. The product had an average of 21 oxybutylene 
units. 'h MMR (CDCl,) S 6.7 <S,4H), 3.1-4.0 (m, 62H) , 0.6- 
1.8 (m, 148H). 

Similarly, by using the above procedures and the appropriate 
starting materials and reagents, the following compounds can 
by prepared: 

e- ( 4 -hydroxyphenyl ) -u-n-butoxypoly ( oxybutylene) ; 
a- (4-hydroxyphenyl) -w-n-octyloxypoly (oxybutylene) ; 
a- (4 -hydroxyphenyl) -w-n-dodecyloxypoly (oxybutylene) ; 
a- ( 3 , 5-dl-t-buty 1-4 -hydroxyphenyl) -u-n-pentyloxy- 

poly (oxybutylene) ; 
a- ( 4-hydroxy-3-methoxyphenyl ) -c*-n-hexyloxypoly ( oxybutylene ) ; 
a- (3 , 4-hydroxyphenyl) -u-nonyloxypoly ( oxybutylene) ; and 
a-(2-(4-hydroxyphenyl) ethyl] -*i-octyloxypoly (oxybutylene) . 



CH 3 -S- (O-CHCH,) 



WO 94/14925 PCT/US93/12320 

-35- 

01 Exanml* 1T| 

03 

03 Preparation of 

04 Br (Hettianepu 1 f onvl ) Bten g gB alg '^Ht Y' -fir 1 
OS 

07 I . I 

08 

09 O 
10 

11 To a flask equipped with a magnetic stirrer, septa and a 

12 nitrogen inlet was added 35.0 grams of a-hydroxy-w-4- 

13 dodecylphenoxypoly(oxybutylene) having an average of 19 

14 oxybutylene units (prepared essentially as described in 

15 Example 6 of U.S. Patent Mo. 4,160,648), 440 mL of 

1« dichloromethane and 3.6 mL of triethylamine. The flask was 

17 cooled in an ice bath and 1.8 mL of methanesulfonyl chloride 

18 were added dropwise. The ice bath was removed, and the 

19 reaction was stirred at room temperature for 16 hours. 

20 Dichloromethane (800 mL) was added and the organic phase was 

21 washed two times with saturated aqueous sodium bicarbonate, 

22 and then once with brine. The organic layer was dried over 

23 anhydrous magnesium sulfate, filtered and concentrated in 

24 vacuo to yield 35.04 grams of the desired product as a 
as yellow oil. 

26 
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Preparation of 

q-f4-qe P 2Yloxvphe^ ^ 



CH 2 CH : 



l 3 



PhCH 2 -0-^^ (0-CHCH 2 ) _ 19 -C -^^C 12 H 25 



To a flask equipped magnetic stirrer, reflux condenser, 
nitrogen inlet and septa was added 2.59 grans of a 35 wt % 
dispersion of potassium hydride in mineral oil. The mineral 
oil was removed by trituration with hexane and the flask was 
cooled in an ice bath, 4-Benzyloxyphenol (4.11 grams) 
dissolved in 150 mL of tetrahydrofuran was added dropwise. 
The ice bath was removed and the reaction was allowed to 
stir for 45 minutes at room temperature. The mesylate from 
Example li was dissolved in 275 ml* of anhydrous 
tetrahydrofuran and added to the reaction mixture. The 
resulting solution was refluxed for 16 hours, cooled to room 
temperature and 10 mL of methanol were added. The reaction 
was diluted with 1 liter of diethyl ether, washed with water 
(1 time) , brine (1 time) , dried over anhydrous magnesium 
sulfate, filtered and concentrated In vacuo to 36.04 grams 
of a yellow oil. The oil was chromatographed on silica gel, 
eluting with hexane/diethyl ether/ethanol (8:1.8:0.2) to 
yield 18.88 grams of the desired product as a light yellow 
oil. 
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Exanmlg p 

Preparation of 



u A solution of 18.88 grams of the product from Example 12 in 
u 80 bL of ethyl acetate and 80 bl of acetic acid containing 
u 2.08 grams of 10% palladium on charcoal was nydrogenolyzed 
X4 at 35-40 P si for « hours on a Parr low-pressure 
15 hydr0ganator ' Filtration of the catalyst and removal of 
Xt SOlV ° nt in VaCUO ' follow ea ^ azeotropic removal of residual 
i7 acetic acid with toluene under vacuum yielded 17.63 grams of 
the desired product as a yellow oil. The product had an 
average of 19 oxybutylene units, 'h NHR (CDC1 S ) 6 7.0-7.3 
<M, 2H), 6.6-6.9 (m, 6H), 4.0-4.2 (m, XH) , 3.8-4.0 (m, 2H) , 
3.0-3.8 (m, 54H), O.S-1.8 (a, 120H) . 



Similarly, by using the above procedures and the appropriate 
starting materials and reagents, the following compounds can 
by prepared: 

a-(2-hydroxyphenyl) -u-4-dodecylphenoxypoly (oxybutylene) ; 
o-(3-hydroxyphenyl) -«-4-dodecylphenoxypoly (oxybutylene) ; 
a- ( 3 , 4-dihydroxyphenyl) -w-4-dodecylphenoxypoly (oxybutylene) ; 
a-(4-hydroxyphenyl) -u-phenoxypoly( oxybutylene) ; 

o-(4-hydroxyphenyl)-»-4-t-butylphenoxypoly (oxybutylene) ; 
a-(4-hydroxyphenyl)- w -4-decylphenoxypoly (oxybutylene) ; and 
o-(4-hydroxyphenyl) -w-4-octadecylphenoxypoly (oxybutylene) . 
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Preparation of 



CH 2 CHj O 

07 PhCT 2^-^^(0-CH 2 CT). 1 ,-o|(CH 2 ) 8 CH J 

j 

°-<«-Benzoxyphenyl)^hydroxypoly(oxybutylene) (40.75 grams) 
containing an average of 19 oxybutylene units (prepared 
essentially as described in Example 1, was combined with 200 
mL of toluene, 3.9 mL of triethylamine, 1.5 grains of 4- 
dimethylamine pyridine and 5.2 mL of n-decanoyl chloride in 
a flask equipped with a thermometer, magnetic stirrer, 
reflux condenser and nitrogen inlet. The contents were 
refluxed for 16 hours, cooled to room temperature and 
diluted with 400 mL of hexane. The organic layers were 
washed with water (2 times) , saturated aqueous sodium 
bicarbonate (2 times) , saturated aqueous sodium chloride (2 
times), dried over anhydrous magnesium sulfate, filtered and 
concentrated to yield 40 grams of a yellow oil. The oil was 
chromatographed on silica gel, eluting with hexane/diethyl 
ether (1:1) to yield 23.3 grams of the product as a yellow 
oil. 
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Preparation of 
ft- f 4-HVgroyypheilvl ) -,,,-rt«can Q vl»^ r i v , Qwh „* Y i ^ 



CH 2 CH 3 O 
H °\0/ <°" CH 2 CH ) -19-OC (CH 2 ) S CH S 

A solution of the ester from Example 14 (23.3 grams) in 50 
aL of ethyl acetate and 50 mL of acetic acid containing 2.5 
grams of io% palladium on charcoal was hydrogenolyzed at 35- 
40 psi for 16 hours on a Parr low-pressure hydrogenator . 
Filtration of the catalyst and removal of solvent in vacuo 
followed by azeotropic removal of residual acetic acid with 
toluene under vacuum yielded 16. o grams of the desired 
product as a yellow oil. The product had an average of 19 
oxybutylene units. IR (neat) 1735 cm* 1 ; hi NKR' (CDC1 3 ) 6 6.7 
(S, 4H), 4.8-4.9 (m, 1H), 3.1-4.0 <m, 56H), 2.3 (t, 2H) , 
0.7-1.8 (a, 112K). 

Similarly, by using the above procedures and the appropriate 
starting materials and reagents, the following compounds can 
by prepared: 

a- ( 2 -hydr oxypheny 1) -w-decanoyloxypoly (oxybutylene) ; 
a- { 3-hydroxyphenyl) -w-decanoyloxypoly (oxybutylene) ; 
a- ( 4 -hy dr oxypheny 1 ) -u-dodecanoy loxypoly ( oxybutylene ) ; 
a-(4-hydroxyphenyl)-w-octanoyloxypoly(oxybutylene) ; 
a- ( 4 -hydroxypheny 1 ) -oi-butanoy loxypoly ( oxybutylene ) ; 
a- ( 4 -hydroxypheny 1 ) -o-benz oy loxypo ly ( oxybutylene ) ; 
a- ( 3 , 4 -dihydr oxypheny 1 ) -w-hexanoyloxypoly (oxybutylene) ; 
a- ( 3 , 4-hydroxyphenyl) -w-2-ethylhexanoy loxy- 
poly (oxybutylene) ; 
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01 «- (3 , S-di-t-butyl-4-hydroxyphenyl) -c^nonanoyloxy- 
* poly(oxybutylene) ; 

03 <*- (3 , 4 , 5-tr ihydroxyphenyl) -cj-decanoyloxy- 

04 poly(oxybutylene) ; and 
a- [ 2.(4-hydroxyph e nyl)ethyl]- w -decanoyl^^ 

comparative Bxa^^ ft 
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Ereparation of p»i Y j F 7 bui:viT^ nm o 



To a flask equipped with a magnetic stirrer, reflux 
condenser, thermometer, addition funnel and nitrogen inlet 

13 was added 203.2 grams of phenol. The phenol was warmed to 

14 40-C and boron trifluoride etherate (73.3 mL) was added 

15 dropwise. Ultravis 10 polyisobutene (1040 grams, molecular 
" weight 950, 76% methylvinylidene isomer, available from 

British Petroleum), dissolved in 1,863 mL of hexane, was 
then added to the reaction mixture at a rate sufficient to 
maintain the temperature between 22-27«c. The reaction 
mixture was then stirred for 16 hours at room temperature, 
concentrated ammonium hydroxide (400 mL) was then added and 
22 the mixture was diluted with 2 L of hexane. The resulting 
" mixture was washed with water (3 x 2 L) , dried over 
anhydrous magnesium sulfate, filtered and the solvent 
removed in vacuo to yield 1,056.5 grams of an oil. This oil 
was determined to contain 80% of the desired 
polyisobutylphenol and 20% polyisobutene by 1 H NMR, and also 
by chromatography on silica gel, eluting first with hexane 
and then with hexane/ ethyl acetate/ ethanol (93:5:2). 
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01 Table I 

Sinale-cvllnder ft^o Test; BteayJAg 



02 
03 

04 Intake Valve Deposit Weight 



Sample 1 


Run l 


Run 2 


Average 


Base Fuel 


214.7 


193.7 


204.2 


Example 2 


12.7 


26.5 


19.6 


Example 4 


59.6 


73.8 


66.7 


Example 7 


44.3 


54.0 


42.9 


Example 8 


52.8 


75.9 


64.4 


Example 10 


53.9 


47.9 


50.9 


Example 13 


32.2 


32.3 


32.3 


Example 15 


32.5 


31.1 


31.8 


1 At 200 parts per million actives (ppma) . 



05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 

18 The base fuel employed in the above single-cylinder engine 

19 tests was a regular octane unleaded gasoline containing no 

20 fuel detergent. The test compounds vers admixed with the 

21 base fuel to give a concentration of 200 ppma (parts per 

2 2 million actives) . 

23 

24 The data in Table I illustrates the significant reduction in 

25 intake valve deposits provided by the poly(oxyalkylene) 

26 hydroxyaromatic ethers of the present invention (Examples 2, 

27 4 ' 7 ' 8 ' 10 ' 13 * 15) compared to the base fuel. 
28 

29 Examnl* <f7 

30 

31 Multicvlinder Encnn* T » t 

32 

33 The poly(oxyalkylene) hydroxyaromatic ethers of the present 

34 invention were tested in a laboratory multicylinder engine 

35 to evaluate their intake valve and combustion chamber 
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deposit control performance. The test engine was a 4 3 
liter, TBI (throttle body injected) V6 *L<„ V 
hv roM1 . al w ^ J A "J ectea Jr V6 engine manufactured 

by General Motors Corporatioh. 

The major engine dimensions are set forth in Table II: 

Table II 
Engine f>| ^enBie n ff 

Bore 
Stroke 

Displacement Volume 
compression Ratio 



The test engine was operated for 40 hours (24 hours a day) 
on a prescribed load and speed schedule representative of 
typical driving conditions. The cycle for engine operation 
during the test is set forth in Table III. 

Table in 




Step 



Mode 



1 
2 
3 
4 
5 
6 
7 
8 



Idle 
City druise 
Acceleration 
Heavy HWY Cruise 
Light HWY Cruise 
Idle 

City Cruise 
Idle 



Engine Driving gy^ig 

Time in Dynamometer 
Mode Lo ad 



60 
150 

40 
210 

60 

60 
180 

60 



0 
10 
25 
15 
10 

0 
10 

0 



Engine 
Speed 
[RFMJ 

800 
1,500 
2,800 
2,200 
2,200 

800 
1,500 

800 



?™^? S ' SXC6pt step number 3 ' include a 15 second 
transition ramp, step 3 includes a 20 second 
transition ramp. wna 
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All of the test runs were made with the same base gasoline 
which was representative of commercial unleaded fuel. The' 
results are set forth in Table IV. 

Table rv 

ttultlcvllnder ^na T ^ r r -^ m 




Intake Valve 
_ Deposits 2 



Combustion 
Chamber Depos its 2 



Run l 
Run 2 



951 
993 



1887 
1916 



13 




Average 


972 


1902 


14 


Example 2 


Run 1 


266 


2571 


15 




Run 2 


300 


2522 


16 




Average 


283 


2547 


17 


Comparative 


Run 1 


229 


2699 


18 


Example A 


Run 2 


218 


2738 


19 




Averaae 


224 


2719 


20 
21 
22 


1 At 400 parts per million 
In milligrams (mg) . 


actives (ppma) . 





The base fuel employed in the above multicylinder engine 
tests contained no fuel detergent. The test compounds were 
admixed with the base fuel to give a concentration of 400 
ppma (parts per million actives) . 

The data in Table IV illustrates the significant reduction 
in intake valve deposits provided by the poly(oxyalkylene) 
hydroxyaromatic ethers of the present invention (Example 2) 
compared to the base fuel. Moreover, the data in Table IV 
further demonstrates the significant reduction in combustion 
chamber deposits produced by the poly (oxyalkylene) 
hydroxyaromatic ethers of the present invention (Example 2) 
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01 compared to a known polyisobutylphenol fuel additive 

oa (Comparative Example h) . 

03 

04 
05 
06 
07 
08 
09 
10 
XI 
12 
" 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24. 
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26 
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34 
35 
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01 WHAT IS CLAIMED IS: 
02 

03 l. a compound of the formula: 
04 

OH 

H *1 -iSp— (CH *> «~ (O-CH-CH^-O-R, 

10 
11 

X2 or a fuel-soluble salt thereof; wherein 

13 

x « R, and Rj are each independently hydrogen, hydroxy 

15 lower alkyl having i to 6 carbon atoms, or lower alkoxy 

16 having i to 6 carbon atoms; 
17 

18 R, and K A are each independently hydrogen or lower 

19 alkyl having l to 6 carbon atoms; 

20 

21 Rs is hydrogen, alkyl having l to 30 carbon atoms, 

22 phenyl, aralkyl or alkaryl having 7 to 36 carbon atoms. 

23 or an acyl group of the formula; 

24 

25 O 

fl 

-C-R, 



3 * atoms; 
32 



wherein R« is alkyl having l to 30 carbon atoms, 
phenyl, or aralkyl or alkaryl having 7 to 36 carbon 



34 o to 10. 

35 



n is an integer from 5 to 100; and x is an integer from 
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01 2. The compound according to Claim i, wherein n is an 

02 integer ranging from 10 to 50. 
03 

04 3. The compound according to Claim 2, wherein n is an 

0$ integer ranging from IS to 30. 

06 

07 4. The compound according to Claim 2, wherein R, is 

08 hydrogen, hydroxy, or lower aUcyi having i to 4 carbon 
0» atoms; and Rj is hydrogen. 

10 

U 5. 



The compound according to Claim 4, wherein R, is 
12 hydrogen, alkyl having 2 to 22 carbon atoms, 

alkylphenyl having an alkyl group containing 4 to 24 
carbon atoms, or an acyl group having the formula: 
-CCOR,, wherein R 7 is alkyl having 4 to 12 carbon 



13 
14 
15 

16 atoms. 
17 

18 6. The compound according to Claim 5, wherein R, is 

l» hydrogen or hydroxy. 

20 

21 7. The compound according to claim 6, wherein R, is 

22 hydrogen, alkyl having 4 to 12 carbon atoms, or 

23 alkylphenyl having an alkyl group containing 4 to 12 

24 carbon atoms. 
25 

26 a. The compound according to Claim 7, wherein one of R 3 

27 and R, is lower alkyl having l to 3 carbon atoms and 

28 the other is hydrogen. 
29 

30 9. The compound according to Claim 8, wherein one of R 3 

31 and R^ is methyl or ethyl and the other is hydrogen. 

32 

33 io. The compound according to Claim 9, wherein x is 0, l or 

34 2. 
35. 
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« 21 ZZTt aCC ° rdlng t0 Clai » 10. wherein R, and R. 



03 

04 12. 
OS 



08 
09 
10 



12 
13 
14 
IS 



30 
31 
32 



are both hydrogen, and x is o. 



A fuel composition comprising a major amount of 
hydrocarbons boiling in the gasoline or diesel range 



OH 




11 «1 -KS— ( CT 2) x- (O-CH-CH) ,,-O-R, 



«2 



is or a fuel-soluble salt thereof; wherein 

17 

M R, and Rj are each independently hydrogen, hydroxy 

u lower alkyl having i to 6 carbon atoms, or lower alkoxy 

8e having 1 to 6 carbon atoms; 

21 

22 R, and R^ are each independently hydrogen or lower 

23 alkyl having 1 to 6 carbon atoms; 
24 

25 R, is hydrogen, alkyl having i to 30 carbon atoms 

2« Phenyl, aralkyl or alkaryl having 7 to 36 carbon atoms. 

27 . or an a cyl group of the formula: 

28 

29 O 

0 

-C-R 6 



33 wherein R 6 is alkyl having i to 30 carbon atoms, 

34 phenyl, or aralkyl or alkaryl having 7 to 36 carbon 

35 atoms; 
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01 n is an integer from 5 to 100; and x ia a „ lnteger frora 

02 0 to 10. 
03 

04 13. 
OS 



The fuel composition according to claim 12 , wherein R, 
is hydrogen, hydroxy, or lower alkyi having 1 to 4 

06 carbon atoms; R, is hydrogen; one of R, and ^ is 

07 hydrogen and the other is methyl or ethyl; R, is 

08 hydrogen, alkyi having 2 to 22 carbon atoms, 

09 alkylphenyl having ah alkyi group containing 4 to 24 

10 carbon atoms, or an acyl group having the formula: 

11 -C(o)R f , wherein R 7 is alkyi having 4 to 12 carbon 

12 atoms; n is 15 to 30 and x is 0, 1 or 2. 



13 

14 14. 

15 

16 

17 

18 



The fuel composition according to Claim 13, wherein R, 
is hydrogen or hydroxy; R, is hydrogen, alkyi having 4 
to 12 carbon atoms, or alkylphenyl having an alkyi 
group containing 4 to 12 carbon atoms; and x is 0. 



19 15. The fuel composition according to Claim 14, wherein R, 

20 and R, are both hydrogen. 



21 

22 16. The fuel composition according to claim 12, wherein 

23 said composition contains about 50 to about 2500 parts 

24 per million by weight of said compound. 
25 

26 17. A fuel concentrate comprising an inert stable 

27 oleophilic organic solvent boiling in the range of from 

28 about 150»P to 400»P and from about 10 to about 70 

29 weight percent of a compound of the formula: 
30 

31 OH 

32 R s R* 

* 3 R '~t03 ( CH 2)x-(0-CH-CH) n -0-R, 

.35 R? 
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01 

08 or a fuel-soluble salt thereof; wherein 

03 

•« R, and R, are each independently hydrogen, hydroxy, 

05 lower alkyl having 1 to 6 carbon a teas, or lower alkoxy 

«« having l to 6 carbon atoms; 

07 

08 Rj and R^ are each independently hydrogen or lower 

0» alkyl having l to 6 carbon atoms; 

10' 

« Rj is hydrogen, alkyl having i to 30 carbon atoms, 

» Phenyl, aralkyl or alkaryl having 7 to 36 carbon atoms, 

« or an acyl group of the formula: 

14 

" O 

" 8 

17 " C -«6 
18 

a' herein R, is alkyl having l to 30 carbon atoms, 

2X Phenyl, or aralkyl or alkaryl having 7 to 36 carbon 

atoms; 

22 

" n is an integer from S to 100; and x is an integer from 

0 to 10. 

25 

" 18. The fuel concentrate according to Claim 17, wherein R, 

29 is hydrogen, hydroxy, or lower alkyl having 1 to 4 
m carbon atoms; Rj is hydrogen; one of R, and R< is 

30 hydrogen and the other is methyl or ethyl; R, i s 
hydrogen, alkyl having 2 to 22 carbon atoms, 
alkylphenyl having an alkyl group containing 4 to 24 
carbon atoms, or an acyl group having the formula: 
-C(0)R 7 , wherein R 7 is alkyl having 4 to 12 carbon 
atoms; n is 15 to 30 and x is o, 1 or 2. 



31 
32 
33 
34 
35 
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01 19. The fuel concentrate according to Claim 18, wherein R, 

02 is hydrogen or hydroxy; R, is hydrogen, alkyl having 4 

03 to 12 carbon atoms, or alJcylphenyl having an alkyl 



* ^ j. - on axj^yji 

group containing 4 to 12 carbon atoms; and x is 6. 



04 

OS 

06 20. The fuel concentrate according to Claim 19 , wherein R, 

07 and are both hydrogen. 
08 

09 
10 

11 

12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
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